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ANALYTICAL RESULTS FROM MINERAL INVESTIGATIONS IN THE
KOYUKUK MINING DISTRICT, NORTHERN ALASKA

ABSTRACT

A mineral resource investigation of the Koyukuk Mining District in northern Alaska was conducted from
1997 to 2001 by the Bureau of Land Management (BLM). The 11.6-million-acre study area comprises
the upper portion of the Koyukuk River drainage basin. The objective of the investigation was to
evaluate the mineral resources and mineral development potential of the district. Field work consisted of
mapping and sampling mines, prospects, and mineral occurrences and reconnaissance sampling in areas
containing no documented sites. This investigation is part of the Bureau’s ongoing statewide mining
district evaluation program. '

This report contains a compilation of all samples collected by the BLM during the Koyukuk Mining
District study. Information includes sample location and analytical results for 2,098 rock, soil, stream
sediment, pan concentrate, and placer concentrate samples. These sites include gold placers, gold-
bearing quartz veins, silver-lead-zinc massive sulfides, copper porphyries, tungsten-copper skarns, tin
greisens, podiform chromite, and coal.

Significant results from this study include identification of anomalous gold values in pan and placer
concentrate samples collected at Wild Lake, Chicken Creek, Swede Creek, Little Swede Creek,
Hammond River bench, and Kanuti Kilolitna River. Rock samples collected near Nolan Creek, Vermont
Creek, Chandalar Copper Belt, Horace Mountain, and Indian River are also anomalous in gold.



INTRODUCTION

In 1997 the Bureau of Land Management (BLM) Solid Minerals Section initiated a five-year assessment
of the mineral resources of the Koyukuk Mining District. The ultimate objectives of this evaluation
were: 1) to identify the nature and extent of mineral resources in the area; 2) to perform mining
feasibility studies, using hypothetical mine models on mineral deposits that have potential to be
economic; and 3) to perform geophysical investigations in those areas possibly containing concealed
mineral deposits. The geophysical investigations were done in cooperation with the Alaska Division of
Geophysical and Geological Surveys (ADGGS). This study is part of the BLM’s ongoing mining district
evaluation program and is authorized under Section 1010 of the Alaska National Interest Lands
Conservation Act (ANILCA)."

The objective of this report is to present analytical results from all samples collected during the Koyukuk
study and to highlight anomalous results which represent new data. This report includes results
previously published in a progress report describing the first two years of field work (Kurtak and others,
1999). Detailed descriptions and historical data for all mineral occurrences in the district will be
published as a separate BLM technical report. The results of the mining feasibility and geophysical
investigations will also be published as separate BLM technical reports.

The Koyukuk Mining District contains approximately 290 mines’, prospects?, and mineral occurrences®.
Mineral deposit types present include gold placers, gold-bearing quartz veins, copper-zinc massive
sulfides, copper porphyries, tungsten-copper skarns, tin greisens, podiform chromite, and coal. Samples
were collected at all the documented sites within the district and at over 100 additional reconnaissance
sites. Construction material sites were not evaluated.
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Geography and Climate

The Koyukuk Mining District contains 11.6 million acres (18,125 square miles) and comprises the upper
portion of the Koyukuk River basin (plate 1, figure 1). The Kanuti-Koyukuk River confluence forms the
southern boundary of the district. The crest of the Brooks Range makes up the northern boundary. The
west side is bounded by the Noatak and Kobuk Rivers, and the east by the Chandalar River. It has been
divided into two subdistricts: the Alatna in the southern half and the Wiseman in the northern half
(Ransome and Kerns, 1954, P- 82)."

The Kanuti Flats make up the south-central portion of the district. These unglaciated low plains are 400
to 1,000 feet in elevation, dotted by lakes, and crossed by the forested meander belts of the Koyukuk and
Kanuti Rivers. Bedrock exposures are uncommon in this part of the district. The Kanuti Flats merge
with the Indian River upland on the west, which consists mostly of low, gentle ridges ranging from 1,500
to 2,000 feet in elevation. The ridges culminate in high points such as Indian Mountain (4,234 feet). The

-Kokrine-Hodzana Highlands border the Kanuti Flats on the east and south. These consist of rounded
ridges, 2,000 to 4,000 feet in elevation, surrounded by isolated areas of more rugged mountains. This
includes the Ray Mountains with glaciated valleys and summits rising to 5,500 feet.

The northern part of the district is dominated by the rugged glaciated peaks of the Endicott Mountains
which make up the central Brooks Range. This includes Mt. Doonerak, which at 7,457 feet is one of the
highest peaks in the range. A few cirque glaciers in the higher parts of the range are all that remains of *
the massive ice sheets which carved the present terrain. Broad glacial valleys, containing a few large
lakes, alternate with steep ridges. In general the region south of the trunk of the Koyukuk River lies
within the discontinuous permafrost zone while that to the north lies within the continuous permafrost
zone (Maddren, 1913, p. 28; Ferrians, 1965; Wahrhaftig, 1965).

The lowland river valleys contain forests consisting of black and white spruce, poplar, and birch.
Undergrowth consists mostly of alder, willow, and sphagnum moss. The low hills between stream
drainages often contain a sparse growth of stunted black spruce and a sedge-tussock ground cover which
makes travel difficult. Forest growth extends up the river valleys to a trecline between 2,000 and 3,000
feet in elevation. Aspen can be found on well-drained south-facing slopes in the upland valleys. Lichen
and moss are the prevailing vegetation at altitudes above 4,000 feet (Maddren, 1913, p. 28; Ferrians,
1965; Wahrhaftig, 1965).

The Koyukuk Mining District is dominated by the continental climate zone of Alaska, characterized by
warm summers and extremely cold winters, low precipitation, low cloudiness and low humidity (Johnson
and Hartman, 1969, p. 60). Low temperatures for weather stations within the district average 11°F and
highs average 30°F. The extremes are 93°F and -82°F. This low is an unofficial North American low
temperature set at Coldfoot in 1989 (Mull and Adams, 1989, p. 79). Precipitation averages 13.6 inches
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Figure 1. Location and land status map of the Koyukuk Mining District, Alaska.
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with an average snowfall of 85.5 inches. Precipitation is usually lightest in April and heaviest in August
(Leslie, 1986). Afternoon thunder and lightning storms with accompanying precipitation occur during
summer months and fresh snow can coat the high peaks during any month of the year.

Wildlife inhabiting the area include grizzly and black bear, caribou, moose, Dall sheep, wolf, coyote,
lynx, fox, wolverine, snowshoe hare, ptarmigan, and grouse. Several species of raptors, including golden
eagles and hawks, nest in the area. Grayling are abundant in streams, while lake trout, northern pike,
arctic char, whitefish, and burbot inhabit the deeper lakes. Sheefish migrate up the Koyukuk and into
the Alatna River. Chum and King salmon are known to migrate up the Koyukuk River as far as
Wiseman. '

The Koyukuk Mining District is sparsely populated. Permanent settlements include three native villages:
Anaktuvuk Pass (population 308), Allakaket (population 143), and Alatna (population 32). Bettles
(population 48) is centrally located in the district and provides aircraft services and accommodation for
travelers. This site is labeled Evansville on most maps. The original site of Bettles, located 6 miles
down the Koyukuk River, has no residents. Wiseman (population 19) was originally established as a
supply point for mining operations in the Nolan Creek-Hammond River area. Coldfoot (population 17)
was also established to support nearby placer mines and still provides services to travelers. Both
settlements are accessible from the Dalton Highway which follows the trans-Alaska oil pipeline. This
road provides year-round access to the eastern portion of the district. Winter-only roads are used to haul
supplies from the Dalton Highway to several mining sites, including Bettles and mining operations on the
Wild River.

Land Status

The Koyukuk Mining District encompasses 11.6 million acres, 72% of which are under federal
management (Plate 1). BLM lands are concentrated in the eastern portion of the district. These are
generally open to mineral entry except those portions lying directly adjacent to the pipeline. Other
federal lands include Gates of the Arctic National Park and the Kanuti Wildlife Refuge, both of which
are closed to mineral entry. State land makes up 21% of the district and is generally open to mineral
entry. The remaining 7% is held by Native regional and village corporations, and private parties. Doyon
Ltd. owns the largest tracts of native land.

Previous Studies and Exploration

The first published account of exploration into the Koyukuk region of Alaska was made by Lieutenant
H.T. Allen, who in the summer of 1885 made a remarkable 2,200 mile journey through Alaska. Allen
and his party, under orders from the War Department, traversed up the Koyukuk River from the mouth of
the Kanuti River and then up the John River to a point about five miles above its mouth. This
exploration produced the first accurate map of the area (Allen, 1887). They were followed by a party
commanded by Lieutenant G.M. Stoney (1900) of the U.S. Navy, which during the winter of 1885-86
crossed from the headwaters of the Kobuk River to the Alatna River in the northwest corner of the
Koyukuk Mining District. The Alatna River was then ascended and the Brooks Range divide crossed to
Chandler Lake.

The early military expeditions were followed by a period with little documented exploration in the
Koyukuk region. This changed in 1899 with news of a major gold discovery on the upper Koyukuk
River. This news prompted the federal government to send out U.S. Geological Survey (USGS) parties
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to conduct systematic scientific explorations in the area. The first of these was led by geologist F.C.
Schrader in 1899. Schrader was the first to describe the mineral resources of the area in some detail and
documented his work with the first published photographs of mining operations in the Koyukuk
(Schrader, 1900 and 1904). In 1901 another USGS party led by W.C. Mendenhall descended the Kanuti
River to the Koyukuk. The party then ascended the Koyukuk and 80 miles up the Alatna River to
Helpmejack Creek before crossing the divide and going down the Kobuk River. A.G. Maddren visited
the district and made the first detailed descriptions of the placer gold operations - including production
(Maddren, 1910 and 1913). A party under the direction of Philip Smith ascended the Alatna River to its
headwaters in 1911. They then descended the Noatak River, describing the geology along the way
(Smith, 1913). During the winter of 1924, a party led by Smith ascended the Alatna River, but focused'
the geologic work on rocks north of the Brooks Range divide (Smith and Mertie, 1930).

In the following years USGS geologists focused their fieldwork elsewhere and there was little
documentation of activities in the Koyukuk. This changed in 1929 when Robert Marshall, a forester by
profession, began a series of personal explorations into the headwaters of the Koyukuk. He visited many
remote areas and contributed to the knowledge of the geography of the region by naming numerous
features and publishing a sketch map of the area. He also described the cultural and socioeconomic
aspects of life on the Koyukuk (Marshall 1933, 1934, and 1970). LM. Reed, a mining engineer with the
Territorial Department of Mines, visited the district briefly in 1929. He revisited the district in 1937 and
made the most extensive examination on record of the Koyukuk placer mines (Reed, 1938).

In the early 1950s the USGS investigated radioactive mineral resources in the Koyukuk-Chandalar area.
Placer concentrates at the Gold Bench Mine on the South Fork Koyukuk contained anomalous amounts
of uranothorianite; however, no lode source was located within the district (White, 1952; White and
others, 1952; Wedow and others, 1952; Wedow and others, 1953; Nelson and others, 1954; Freeman,
1956).

The USGS has conducted numerous geologic studies of oil and gas potential in the National Petroleum
Reserve - Alaska (previously Naval Petroleum Reserve No. 4) located north of the Koyukuk Mining
District. As an extension of those studies, geologic maps were made of the Chandalar (Brosge and
Reiser, 1964), Hughes (Patton and Miller, 1966), Melozitna (Patton and others, 1978), and the Survey
Pass quadrangles (Nelson and Grybeck, 1980).

In the early 1970s the BLM and the U.S. Bureau of Mines (BOM) conducted jointly funded mineral
resource investigations along the proposed Trans-Alaska Pipeline Corridor (Thomas and others, 1972;
Mulligan, 1974). The investigation included all resources within 10 miles of the (then) proposed route
from Prudhoe Bay to Valdez. Previously undocumented podiform chromite and tin occurrences were
~ found in the southeastern portion of the district adjacent to the Dalton Highway. The BOM then
conducted critical and strategic metal investigations of these chromite and tin occurrences (Foley and
McDermott, 1983a and 1983b; Warner, 1985; Barker and Foley, 1986; Barker, 1991). The completion of
the Dalton Highway prompted the ADGGS, in conjunction with the USGS, to begin geologic studies of
State selected lands adjacent to the road. This resulted in a series of State publications: Dillon and others
(1980, 1981, 1986-89), Mosier and Lewis (1986), Bliss and others (1988), and Mull and Adams (1989).

In the 1970s and 1980s several national and state geochemical reconnaissance programs were initiated.
Two of the largest programs were the Alaska Mineral Resource Assessment Program (AMRAP) and the
National Uranium Resource Evaluation Hydrogeochemical and Stream Sediment Reconnaissance
(NURE HSSR) programs. Also, regional geochemical studies were conducted by the USGS and the
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ADGGS, including Brosge and Reiser (1970, 1972); Dillon, Moorman, and Cathrall (1981a, b); Dillon,
Moorman, and Lueck (1981); Marsh and others (1978a and 1978b, 1979); and Patton and Miller (1973a).
The most comprehensive source of the USGS geochemical reconnaissance data is the Rock Analysis
Storage System (RASS) (Bailey and others, 2000).

Graduate theses and dissertations on the geology and mineral deposits of specific areas within the district
include the following areas: Anaktuvuk Pass (Porter, 1962), Chandalar lode mines (Ashworth, 1983),
Arrigetch Peaks (Adams, 1983a and 1983b), upper Bonanza Creek skarns (Clautice, 1987), Endicott
Mountains (Gottschalk, 1987; Handschy, 1988), Sukakpak Mountain (Huber, 1988), and the Chandalar
Copper Belt (Nicholson, 1990).

In order to facilitate investigations within the Koyukuk Mining District, the BLM helped fund two
projects during the study. Support was given to a graduate student who investigated the geology and
lode gold mineralization of the Nolan-Hammond River area (Eden, 2000). Funding was provided to the
ADGGS to publish a geologic map of an area in the northeast portion of the district (Dillon and others
1996).

Mining History and Production

The first reports of gold on the Koyukuk River go back to the period between 1885 and 1890, when
minor discoveries were made at Tramway, Florence, and Hughes bars. The area did not receive major
attention though until the discovery of significant amounts of gold near the confluence of Slate and
Myrtle Creeks in 1899. News of this find and others on nearby Emma and Slate Creeks sparked a rush of
up to 1,000 fortune seekers to the Koyukuk River and its tributaries. More discoveries followed as
prospectors spread out across the countryside. Gold was found on the Hammond River in 1900 and on
Nolan Creek in 1901. Other strikes occurred on Mascot, Gold, Lmda, and Porcupine Creeks (Schrader,
1900, 1904 Maddren, 1910, 1913; Marshall 1933).

The Koyukuk proved extremely remote, being noted in the early days as one of the most northerly
mining districts in the world. It was also one of the most costly in which to operate. Initial efforts
concentrated on shallow, easily mined placers. These were soon worked out and by 1904 production
began to drop. Rumors of bonanzas on the John River in 1905 sent 400 prospectors in that direction and
the Chandalar discoveries in 1906 funneled more gold seckers away from the Nolan-Hammond River
area (figure 6). However, interest was renewed with the discovery of extremely rich buried channels
more than 100 feet beneath the surface at Nolan in Creek in 1907. In a little over three months, it is
reported that about 5,000 oz of gold was recovered and the following year it was estimated that nearly
250 people were working on the creek (Hill, 1909). The district’s greatest production year came in 1909
when 20,230 oz of gold were recovered. The Nolan Creek drainage proved to be some of the richest
ground in the district, yielding at least 159,000 oz of gold through 2000. A similar rich deep channel was
struck beneath the Hammond River in 1912. During the following four years over 48,000 oz gold were
produced, including a 138.8 oz nugget, reported to be the second largest in Alaska (Pringel, 1921; T.K.
Bundtzen, written communication, 1999). The Nolan-Hammond area is still the center of mining activity
in the district.

Gold was first mined in the central part of the district in 1904, following discoveries near Wild Lake and
on Crevice Creek in the John River drainage. Interest in the area took a major jump in 1915 when 572 oz
of gold were produced from Jay Creek (Pringel, 1921). Sporadic mining has continued to the present
day, concentrated on Crevice, Lake, Jay, and Birch Creeks. Placer deposits on the Indian River in the
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southwest corner of the district were producing gold by 1911. Discoveries followed on nearby Black and
Utopia Creeks (Eakin, 1916, pp. 83-84). A dry-land dredge operated on upper Indian River and Black
Creek into the early 1960s and a floating dredge worked nearly the entire length of Utopia Creek from
about 1939 to 1950. The Indian River area has produced a minimum of 62,000 oz of placer gold.

Mechanized mining in the northern part of the district began in 1940, when a dragline started operating
on Myrtle Creek. This resulted in a major jump in district production. Production dropped to a minimum
in 1942 due to enactment of Public Law L208 which curtailed mining in the United States not related to
the production of strategic metals. The only attempt at lode mining in the district took place the same
year when about six tons of antimony ore were mined on Smith Creek. The material was never shipped
out of the district. Placer production picked up after the war with Nolan Creek being the largest
producer. Completion of the Dalton Highway in 1975 allowed road access to many of the placer mines
along the Middle Fork Koyukuk River. This resulted in an increase in mining activity (Maddren, 1913;
Marshall, 1933; Saunders, 1954; Cobb, 1973).

In 1994 Silverado Gold Mines Inc. was actively engaged in the district, recovering 8,024 oz of placer
gold from a surface and underground operation on Nolan Creek. This operation recovered a 41.4 oz
nugget from Nolan Creek which is unofficially the 10" largest in Alaska (Swainbank and others, 1995).
In 1997 gold prices began a dramatic plunge, dropping over $100/0z by 1999. This severely effected the
economics of mining in the district. In 1998 there were thirteen active operations with a minimum of 829
oz of gold produced. By 2000 production had dropped to a minimum of 480 oz with only five mines
being active. District production over a period of 100 years totals at least 286,000 oz of placer gold.

During the Koyukuk assessment, placer mining took place on the Hammond River, Emma, Nolan, Gold,
Porcupine, and Smith Creeks in the Wiseman area. In the central portion of the district mining took
place on Jay Creek, a tourist-oriented mine on nearby Birch Creek, Lake Creek, and Prospect Creek.
Underground drift mines operated on Nolan and Linda Creeks.



REGIONAL GEOLOGY

The Koyukuk Mining District is underlain by three main geologic terranes (figure 2). The oldest is the
Ruby terrane which underlies the eastern margin of the district and makes up a portion of the Ruby
Geanticline; a linear uplift of pre-Cretaceous rocks that diagonally cross central Alaska. The geanticline
is composed of autochthonous Proterozoic(?) through late Paleozoic metasedimentary rocks consisting of
- miogeosynclinal pelitic schist, quartzite, greenstone, carbonate rocks, and quartzo-feldspathic gneiss.
These rocks were metamorphosed in the Early Cretaceous to greenschist facies with areas of local
almandine-amphibolite facies and glaucophane-bearing blueschist mineral assemblages. It is extensively
intruded by mid-Cretaceous granitic plutons. The Ruby Geanticline may have been contiguous with the
Arctic Alaska terrane to the north and possibly a portion of the southern Brooks Range that was rotated
or displaced in Mesozoic time (Mull and Adams, 1989, p. 27).

The continentally derived Arctic Alaska terrane makes up the northern half of the district and underlies
the central and eastern portions of the Brooks Range Province. It is composed of Proterozoic(?) through
Mesozoic sedimentary, metasedimentary, and volcanic rocks, including an extensive carbonate sequence,
confined mostly io the northern portion of the terrane. The carbonate sequence and associated volcanic
rocks were intruded by Early to Middle Devonian premetamorphic granitic and mixed felsic-mafic
intrusive complexes. These rocks host tin skarns in the Arrigetch Peaks and copper porphyries and
skarns north of the Bettles River.

The oceanic upper Paleozoic-Mesozoic Angayucham terrane makes up the central portion and contains
the youngest and least metamorphosed rocks in the district. The base of the terrane is composed of a
Permian-Jurassic sequence of mafic and ultramafic volcanic and intrusive rocks consisting of pillow
basalt, diabase, gabbro, and dunite with subordinate chert, limestone, and serpentinite. The igneous
rocks, which are considered to be part of a dismembered ophiolite, locally contain small podiform
chromite occurrences. This complex is unconformably overlain by Early and Late Cretaceous graywacke
and igneous- and quartz-pebble conglomerate which filled the lower Koyukuk basin, leaving the igneous
rocks exposed only on the basin margins. The Late Cretaceous sediments contain some coal beds. This
terrane is likely the erosional remnants or klippen of allochthonous rocks that were obducted over rocks
of the Arctic Alaska terrane in the late Mesozoic (Mull and Adams, 1989, p. 33).

During the Jurassic through Cretaceous Brooks Range orogeny, obduction of the younger Angayucham
terrane onto the Arctic Alaska terrane resulted in imbricate thrusting, northward-verging folding, and
tectonic-burial metamorphism in the latter. Metamorphism was most intense along the boundary of the
Arctic Alaska terrane with the Angayucham terrane resulting in formation of a belt of schistose rocks
along the south flank of the Brooks Range. There is a broad scale equivalence between this schist and
the schist belt which hosts volcanogenic massive sulfide deposits in the Ambler district, 90 miles to the
west (Mull and Adams, 1989, p. 161; Nicholson, 1990). These schistose rocks also comprise the bedrock
which underlies some of the major placer gold-producing drainages in the district.

The Angayucham and adjoining Ruby terranes are intruded by a series of mid-Cretaceous granitic
plutons which stitch together the boundary between the two (Mull and Adams, 1989, p. 158). In the
upper Kanuti River area the granites host tin greisens (Barker and Foley, 1986). The granites are deeply
eroded and the resulting alluvium in nearby drainages contains placer tin concentrations. The granitic
rocks host tungsten skarns near the headwaters of Bonanza Creek (Clautice, 1987).
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Cretaceous andesitic volcanic rocks and interbedded graywacke and mudstone are intruded by
intermediate intrusive rocks near Indian Mountain in the southwestern corner of the district. Placer gold
deposits in the area appear to be associated with hornfelsed rocks near intrusive contacts (Patton and
Miller, 1966; Patton and others, 1978).

The northern portion of the Koyukuk Mining District has been affected by a series of at least four major
glacial advances during the Tertiary and Quaternary periods which shaped the present landscape and
played a significant role in formation of the district’s placer deposits. The last advance ended about
10,000 years ago and cirque glaciers still exist in the highest portions of the Endicott Mountains (Mull
and Adams, 1989).
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BUREAU INVESTIGATIONS

A brief examination was made of the Koyukuk Mining District in 1994 when the Alaska mining district
studies were administered by the BOM. After closure of that agency in 1996, this function was
transferred to the BLM and work resumed on the project. Prior to beginning field work, an extensive
bibliography on the geology and mineral resources of the district was assembled. Letters were sent to
181 claimants requesting permission to visit their properties and obtain any input they might have in
regards to site-specific projects. A total of 207 days were spent doing field work in the district during the
summers of 1997 to 2001.

Field investigations focused on documented mines, prospects, and mineral occurrences, followed by
prospecting areas having anomalous geochemistry or geology similar to that of documented sites. At
lode sites rock samples were collected and geologic mapping done in an effort to determine grade and
extent of the mineralization. Placer deposits were evaluated by collection of stream sediment, pan
concentrate, and/or placer samples. ‘

Sampling Methods

A total of 2,098 samples were collected during the Koyukuk study. Sample types include rock, pan
concentrate, stream sediment, placer concentrate, sluice concentrate, and soil samples.

Rock samples were between 3 to 4 pounds each. The samples consisted of fresh, altered, or mineralized

rock pieces. Rock samples were collected from the following sites: 1) outcrop - rock is in place; 2)
‘Tubblecrop - rock fragments overlying bedrock which is not visible, but implied; 3) float - loose rock
fragments or cobbles not necessarily found near or overlying bedrock of the same composition.

Rock samples are of six types: 1) continuous chip - small rock fragments broken in a continuous line for
a measured distance across an exposure; 2) spaced chip - collected in a continuous line at designated
intervals across an exposure; 3) representative chip - sample volume collected in proportion to volumes
of different rock types observed at a specific locality; 4) random chip - collected at random points from
an apparently homogenous mineralized exposure; 5) grab sample - collected more or less at random from
float or outcrop; and 6) select sample - collected from the highest grade portion of a mineralized zone.

Coal samples were collected from channels cut a minimum of 1 foot into outcrops. The coal was stored
in airtight bags to retain original moisture content during shipment.

Pan concentrate samples were collected at sites where heavy minerals might accumulate such as stream
gradient changes from steep to moderate, the downstream side of boulders, and on bedrock. A heaping
14-inch gold pan of coarse gravel and sand was panned down to approximately 0.75 oz of fine
concentrate, which was stored in sealed plastic bags for chemical analysis. The presence of heavy
minerals in the concentrate such as gold, sulfides, magnetite, and garnet was noted in the field.

Stream sediment samples consisted of composites of silt and clay collected from the active portion of the
stream bed. Approximately 8 oz of material were collected with a plastic trowel and stored in

geochemical envelopes made of water resistant paper to allow water to drain from the sample.

Placer concentrate samples consist of 0.1 cubic yards of stream or bank material run through a 10- by 48-
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inch sluice box and then panned down to produce approximately 2.5 oz of concentrate. Visible gold was
recovered from the sample and weighed. Remaining concentrates were examined with microscope and
ultraviolet lamp in order to determine mineralogy of the samples. The concentrates were then forwarded
to the laboratory for geochemical analysis.

Sluice concentrate samples were collected mostly from active placer mines. They consisted of 1 to 2
pounds of black sands and other heavy minerals left after the removal of placer gold by miners. The
amount of gravel washed to produce the concentrate was often unknown. These samples were collected
in order to find potentially anomalous results of accessary minerals such as arsenic, antimony, bismuth,
or tungsten. They were processed like placer samples; the visible gold was separated and weighed, metal
contaminants (battery pieces, lead shot, and miscellaneous metal) were removed, and the concentrate was
examined with microscope and ultraviolet lamp in order to determine mineralogy.

Soil samples were collected from the thin C horizon characteristic of Arctic soils with a stainless steel
hand auger. The C horizon is the subsoil closest to bedrock and can contain small pieces of eroded
bedrock. The samples were stored in paper geochemical envelopes. Soil samples were collected in areas
of poor outcrop exposure.

All sampling equipment (shovels, plastic trowels, plastic gold pans, soil augers, rock hammers, and
chisels) were rinsed with water regularly to limit the potential of cross-contamination of samples.

Figure 3. Sampling zinc-lead mineralization at the Frog prospect (map no. 38), Endicott Mountains.
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Analytical Procedures

Rock, soil, and stream sediment samples were analyzed for a standard suite of 36 elements. Pan, placer,
and sluice concentrates were also analyzed for platinum, palladium, and (when warranted) uranium and
thorium. Analyses were conducted by Intertek Testing Services* of Vancouver, Canada. The results of
these samples are presented in Appendix A. Pan concentrate and rock samples were dried and pulverized
to minus 150 mesh. Stream sediment and soil samples were dried and sieved through to minus 80 mesh.

Gold was analyzed by a pre-concentration fire assay followed by either an atomic absorption (AA) finish
or an induction couple plasma (ICP) atomic emission spectroscopy finish. Platinum and palladium were
also analyzed by a pre-concentration fire assay followed by an ICP finish. The detection limits for gold, .
platinum, and palladium are illustrated in Table 1. Occasionally, a sample was analyzed for gold
multiple times with erratic results. In such cases, the laboratory reported the averaged result. These
averaged results are shown in bold.in Appendix A.

The standard method for all other elements (except mercury) was ICP atomic emission spectroscopy.
The samples were prepared by aqua regia digestion, which is a (3:1) HCI -HNO, solution. The analysis
for mercury was accomplished by aqua regia digestion followed by cold vapor measurement. The

minimum detection for mercury is 0.010 ppm. The minimum detection for the other elements tested are
presented in Table 2. :

Special analyses were needed when the upper limits of the ICP atomic emission spectroscopy were
exceeded or when ICP was not the best method. Concentrations of gold and silver which exceeded the
upper detection limit (>10,000 and >500 ppb, respectively) for the AA finish were re-analyzed by fire
assay gravimetric methods. Elevated concentrations of antimony, bismuth, copper, iron, lead, and zinc
were re-analyzed by multi acid digestion followed by atomic absorption. Barium, tin, tungsten, thorium,

and uranium were analyzed by X-ray fluorescence. The detection limits (and methods) for these special
runs are listed in Table 3.

In 1994, 56 samples were collected during a brief visit to the Koyukuk Mining District. They were
analyzed by different analytical methods than the 1997-2001 samples. The methods and detection limits
for the 1994 samples are presented in Table 4. The complete analyses for some of these samples were
not received and the pulps were subsequently lost.

Three samples were submitted for whole rock analysis. The sample was fused with a lithium borate flux
to create a disk for X-ray or further dissolved into solution for ICP. The whole rock results are presented
in Appendix B.

The coal samples were analyzed by Commercial Testing & Engineering Company’ of Lombard, Illinois.
The results of the coal samples are presented in Appendix C. The moisture, ash, volatile, fixed carbon,
and sulfur contents were measured according to American Society for Testing Materials specifications
(ASTM-D-3302, -3174, -3175, -3172, -4239, respectively). The Btu/lb and coal classification were
determined by specifications ASTM-D-3286 and ASTM-D-388-66, respectively.

¢ Mentjon of Intertek Testing Services does not signify BLM endorsement.
° Mention of Commercial Testing & Engineering Company does not signify BLM endorsement.
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Table 1. Standard fire assay analysis for gold, platinum, and palladium.

Element Element Minimum detection Finish method
symbol ' name
Au gold 5 ppb atomic absorption
Au gold 1 ppb ICp
Pt platinum 5 ppb ICP
Pd palladium 1 ppb ICP

Table 2. Minimum detections for ICP - atomic emission analysis (standard run).

Element Element Minimum Element Element Minimum
symbol name detection symbol name detection
| Ag  silver 0.2 ppm Mo  molybdenum 1 ppm
Al aluminum 0.01% Na  sodium 0.01%
" As  arsenic 5 ppm Nb-  niobium 1 ppm
Ba  barium 1 ppm Ni nickel 1 ppm
Bi bismuth 5 ppm Pb lead 2 ppm
Ca  calcium 0.01% Sb  antimony S ppm
Cd  cadmium 0.2 ppm Sc scandium 5 ppm
Co  cobalt 1 ppm Sn tin 20 pm
Cr chromium 1 ppm St strontium 1 ppm
Cu  copper 1 ppm Ta tantalum 10 ppm
Fe  iron 0.01% Te  tellurium 10 ppm
Ga  gallium 2 ppm - Ti titanium 0.01%
K potassium 0.01% v vanadium 1 ppm
La lanthanum 1 ppm W tungsten 20 ppm
Li lithium 1 ppm Y yttrium - 1 ppm
Mg  magnesium 0.01% Zn - zinc 1 ppm
Mn __ manganese 1 ppm Zr zirconium 1 ppm
Table 3. Methods and minimum detection limits for special runs.
Element Element Analytical method Minimum
symbol name detection
Ag silver fire assay, gravimetric finish 0.7 ppm
Au gold fire assay, gravimetric finish 0.17 ppm
Ba barium atomic absorption 0.01%
Ba barium X-ray fluorescence 10 ppm
Bi bismuth atomic absorption low level assay 0.005%
Cu copper atomic absorption low level assay 0.01%
Fe iron atomic absorption low level assay 0.01%
Pb lead atomic absorption low level assay 0.01%
Sb - antimony  atomic absorption low level assay 0.01%
Sn tin X-ray fluorescence 4 ppm
Th thorium X-ray fluorescence 1 ppm
U uranium X-ray fluorescence 1 ppm
A\ tungsten X-ray fluorescence 4 ppm
Zn zinc atomic absorption low level assay 0.01%
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Table 4. Analytical methods and detection limits by element for 1994 samples.

Element Element name Analytical method Minimum detection
symbol
Au gold neutron activation 5 ppb
Au gold fineness 0.10 ppt
Pt platinum fire assay - DCP S ppb
Pd palladium fire assay - DCP 1 ppb
Ag silver neutron activation 5 ppm
Ag silver fire assay 0.02 oz/ton
Cu copper atomic absorption 0.01%
Pb lead atomic absorption 0.01%
Zn zinc neutron activation 200 ppm
Mo molybdenum neutron activation 2 ppm
Ni nickel neutron activation 20 ppm
Co cobalt heutron activation 10 ppm
Cd cadmium neutron activation 10 ppm
As arsenic neutron activation 1 ppm
ISb antimony neutron activation 0.2 ppm
Sb antimony (ore grade)  atomic absorption 0.01%
Hg mercury cold vapor AA 0.010 ppm
Fe iron neutron activation 0.5%
Te tellurium neutron activation 20 ppm
Ba barium neutron activation 100 ppm
Cr chromium neutron activation 50 ppm
Sn tin neutron activation 200 ppm
W tungsten neutron activation 2 ppm
La lanthanum neutron activation 5 ppm
Na sodium neutron activation 0.05%
Sc scandium neutron activation 0.5 ppm
Ta tantalum neutron activation 1 ppm
Zr zirconium neutron activation 500 ppm

16

P

-

|

iy



Analytical Results

The analytical results from all samples collected by the BLM during the Koyukuk Mining District study
are presented in Appendices A, B, and C. The sample sites are presented in Plate 1 and Figures 4-10.
The results for rock, stream sediment, pan, placer, and sluice concentrate samples are presented in
Appendix A. The results for whole rock analyses and coal samples are presented in Appendix B and C,
respectively.

A list of the most significant results is presented in Table 5. The table is not intended to include all the
anomalous results from the district study. Instead it is intended to highlight sites not previously
published or highlight new data from previously documented sites. For example, reconnaissance pan
concentrate samples over 100 ppb were considered significant. Gold values exceeding 700 ppb in rock
samples collected at sites with no prior gold anomalies were also deemed significant.

Table 5. Significant sites identified during the Koyukuk Mining District study.

Location Map no. _Page no. _ Figure no. _Significant results

Sentinel Rock tributary 143 A-25 ‘Figure 4 up to 8.01 ppm gold in pan concentrate samples

Chicken Creek 192 A-34 Plate 1  two pans with visible gold, averaging 11.67 ppm gold

Swede Creek 211 A-37 Plate 1 194 ppb gold in pan concentrate sample

Little Swede Creek 252 A-43 Plate 1 2,035 ppb gold in pan concentrate sample

Hammond River bench 272 A-46 = Figure 6 fine gold found in several samples, on elevated bench

Friday the 13th Pup 289-292 A-49 Figure 6 visible gold in quartz samples, up to 63.56 ppm gold

The Fortress ) 377 A-67 Figure 6 8,301 ppb gold in 2-inch-wide quartz vein sample

Hurricane-Dianne 467 A-79 Figure 7 1,299 ppb gold in calc-silicate rock samples

Ginger ' 475 A-79 Figure 7 1,201 ppb gold in calc-silicate rock samples

Peak 5274 (Victor) 503 A-82 Figure 7 1,093 ppb gold in skarn rock samples

Evelyn Lee prospect 530 A-88 - Figure7 upto 1,896 ppb gold in skarn rock samples

Horace Mountain 536-537 A-88 Figure 7 Au, Ag, Cu, Pb, Zn anomalies in rock samples

Cindy occurrence 546 A-88 Plate 1 1,438 ppb gold and 91.3 silver in rock sample

Jim River tributary 731 A-130 Plate 1 514 ppb gold in pan concentrate sample

Kanuti Kilolitna River 790 A-142 Plate 1 710 ppb gold in pan concentrate sample

Black Creek 860 A-151 Plate 1 717 ppb gold and 4.3 ppm silver in diorite rock sample
-|Indian River tributary 912 A-160 Plate 1 8,290 ppb Auand 1,771 ppm Pb in rock sample

Hill 1342 913 A-160 Plate 1  up to 21.12 ppm Au and 21.6 ppm Ag in rock samples

Other anomalous results were obtained from gold-bearing quartz veins, polymetallic skarns, lead-zinc
massive sulfides, tungsten skarns, tin greisens, tin skarns, podiform chromite, and coal.

Gold-bearing quartz veins containing variable amounts of antimony were found throughout the
northeastern portion of the district. The most notable site is Sukakpak Mountain (map nos. 598-600).
One continuous chip sample from a 1.5-foot-wide quartz-stibnite vein contained 163.23 ppm gold (map
no. 599, sample 12396). Additional sites with anomalous gold results include Friday the 13" Pup (map
nos. 289-292) and the Fortress (map no. 377) near Nolan Creek.

The Chandalar Copper Belt (figure 7) belt trends northeast and is approximately 15 miles long. The belt

contains numerous silver-copper-lead-zinc occurrences in skarn and calc-silicate rock. Rock samples
collected at Luna (map nos. 462-464), Hurricane-Diane (map no. 467), Ginger (map no. 475), Victor

17



(map no. 503), Evelyn Lee Prospect (map no. 530), and Cindy (map no. 546) all contained anomalous
gold results.

In the northwestern portion of the district, massive sulfide occurrences are associated with the contact
between Devonian carbonate and schist units. Samples collected from Frog Prospect (map no. 38), Ann
Group (map no. 43), Buzz Prospect (map no. 44), and ABO Prospect (map no. 45) all contained
anomalous silver-lead-zinc results. One select schist sample from the Ann Group contained 8.23 oz/ton
silver, 11.24% lead, and 6.11% zinc (sample 11028).

The highest silver-lead values were from samples collected on lower Michigan Creek (map nos. 189-
190). Galena was found in quartz-carbonate veins of variable widths. One select sample of quartz vein
contained 2.63 oz/ton silver and 4.35% lead (map no. 189, sample 8009).

The highest tungsten results were obtained from skarns at the Bonanza Prospect (map no. 754). Three
skarn samples from a trench averaged 0.70% tungsten. Other lode sites with anomalous tungsten results

include the Frog Prospect (map no. 38, 642 ppm), Luna Prospect (map no. 568, 568 ppm) , and the Beef
claims (map no. 755, 521 ppm).

Anomalous tin results were obtained from skarn and greisen veins near the Arrigetch Peaks (map nos.
23-25) and the Sithylemenkat pluton (map no. 770). Samples of skarn collected near the Arrigetch Peaks
contained up to 7,269 ppm tin (map no. 23, sample 10827). Greisen samples collected from the -
Sithylemenkat pluton contained up to 1900 ppm tin (sample 8003).

Podiform chromite occurs intermittently along a 62-mile-long, northeasterly trending exposure of
Permian-Jurassic mafic and ultramafic rocks in the Kanuti River basin (map nos. 759-768 and 789-806).

Select samples of chromite-serpentine-bearing dunite contained up to 28.80% chromium (map no. 789,
- sample 11472).

- Coal samples were collected at sites near Tramway Bar (map nos. 690-691) on the Middle Fork Koyukuk
River. Three continuous chip samples averaged 9.03% moisture, 27.61% ash, 28.39% volatiles, 34.97%
fixed carbon, 0.22% sulfur, and 8037 Btu/Ib. The Tramway Bar coal is bituminous in quality. The low
sulfur content is typical of Alaskan coals, but the high ash content places it in the unclean category.

Detailed summaries of investigations at these mines, prospects, and mineral occurrences as well as a
detailed regional summary of results will be discussed in a separate BLM technical report.
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SUMMARY

A total of 2,098 rock, soil, stream sediment, pan concentrate, and placer samples were collected during
the Koyukuk Mining District study. Sites included gold placers, gold-bearing quartz veins, polymetallic
skarns, lead-zinc massive sulfides, tungsten skarns, tin greisens, tin skarns, podiform chromite, and coal.
The most significant results consist of gold anomalies in samples collected from placers, quartz veins,
skarn, and meta-intrusive rocks.

Placer gold was found at numerous historically documented sites, including Mascot Creek, Nolan Creek,
and Black Creek. Undeveloped sites containing anomalous gold include Sentinel Rock (map no. 143),
Chicken Creek (map no. 192), Swede Creek (map no. 211), Little Swede Creek (map no. 252), Hammond
River bench (map no. 272), Jim River headwaters (map no. 731), and Kanuti Kilolitna River (map no.
790).

Lode gold was detected at several sites, including quartz veins at Friday the 13™ Pup (map nos. 289-292);
skarn and calc-silicate rock within the Chandalar Copper Belt (map nos. 467, 475, 503, and 546);
metamorphosed intrusive rock at Horace Mountain (map nos. 536-537); intrusive rock at Black Creek
(map no. 860); and siliceous volcanic rock samples collected near Indian River (map nos. 912-913).
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